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SECTION 1. GENERAL INFORMATION

1.1 BACKGROUND

Technologies under development for the detection and discrimination of unexploded
ordnance (UXO) require testing so that their performance can be characterized. To that end,
Standardized Test Sites have been developed at Aberdeen Proving Ground (APG), Maryland and
U.S. Army Yuma Proving Ground (YPG), Arizona. These test sites provide a diversity of
geology, climate, terrain, and weather as well as diversity in ordnance and clutter. Testing at
these sites is independently administered and analyzed by the government for the purposes of
characterizing technologies, tracking performance with system development, comparing
performance of different systems, and comparing performance in different environments.

The Standardized UXO Technology Demonstration Site Program is a multi-agency
program spearheaded by the U.S. Army Environmental Center (AEC). The U.S. Army Aberdeen
Test Center (ATC) and the U.S. Army Corps of Engineers Engineering Research and Development
Center (ERDC) provide programmatic support. The program is being funded and supported by
the Environmental Security Technology Certification Program (ESTCP), the Strategic
Environmental Research and Development Program (SERDP) and the Army Environmental
Quality Technology Program (EQT).

1.2 SCORING OBJECTIVES

The objective in the Standardized UXO Technology Demonstration Site Program is to
evaluate the detection and discrimination capabilities of a given technology under various field
and soil conditions. Inert munitions and clutter items are positioned in various orientations and
depths in the ground.

The evaluation objectives are as follows:

a. 'ro determine detection and discrimination effectiveness under realistic scenarios that
vary targets, geology, clutter, topography, and vegetation.

b. To determine cost, time, and manpower requirements to operate the technology.

c. To determine demonstrator's ability to analyze survey data in a timely manner and
provide prioritized "Target Lists" with associated confidence levels.

d. To provide independent site management to enable the collection of high quality,
ground-truth, geo-referenced data for post-demonstration analysis.

1.2.1 Scoring Methodology

a. The scoring of the demonstrator's performance is conducted in two stages. These two
stages are termed the RESPONSE STAGE and DISCRIMINATION STAGE. For both stages,
the probability of detection (Pd) and the false alarms are reported as receiver-operating
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characteristic (ROC) curves. False alarms are divided into those anomalies that correspond to
emplaced clutter items, measuring the probability of false positive (Pfp), and those that do not
correspond to any known item, termed background alarms.

b. The RESPONSE STAGE scoring evaluates the ability of the system to detect emplaced
targets without regard to ability to discriminate ordnance from other anomalies. For the blind
grid RESPONSE STAGE, the demonstrator provides the scoring committee with a target
response from each and every grid square along with a noise level below which target responses
are deemed insufficient to warrant further investigation. This list is generated with minimal
processing and, since a value is provided for every grid square, will include signals both above
and below the system noise level.

c. The DISCRIMINATION STAGE evaluates the demonstrator's ability to correctly
identify ordnance as such and to reject clutter. For the blind grid DISCRIMINATION STAGE,
the demonstrator provides the scoring committee with the output of the algorithms applied in the
discrimination-stage processing for each grid square. The values in this list are prioritized based
on the demonstrator's determination that a grid square is likely to contain ordnance. Thus,
higher output values are indicative of higher confidence that an ordnance item is present at the
specified location. For digital signal processing, priority ranking is based on algorithm output.
For other discrimination approaches, priority ranking is based on human (subjective) judgment.
The demonstrator also specifies the threshold in the prioritized ranking that provides optimum
performance, (i.e. that is expected to retain all detected ordnance and rejects the maximum
amount of clutter).

d. The demonstrator is also scored on EFFICIENCY and REJECTION RATIO, which
measures the effectiveness of the discrimination stage processing. The goal of discrimination is
to retain the greatest number of ordnance detections from the anomaly list, while rejecting the
maximum number of anomalies arising from non-ordnance items. EFFICIENCY measures the
fraction of detected ordnance retained after discrimination, while the REJECTION RATIO
measures the fraction of false alarms rejected. Both measures are defined relative to
performance at the demonstrator-supplied level below which all responses are considered noise,
i.e., the maximum ordnance detectable by the sensor and its accompanying false positive rate or
background alarm rate.

e. All scoring factors are generated utilizing the Standardized UXO Probability and Plot
Program, version 3.1.1.

1.2.2 Scoring Factors

Factors to be measured and evaluated as part of this demonstration include:

a. Response Stage ROC curves:

(1) Probability of Detection (Pdre).

(2) Probability of False Positive (Pfp',).

(3) Background Alarm Rate (BARr") or Probability of Background Alarm (PBAr').
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b. Discrimination Stage ROC curves:

(1) Probability of Detection (Pddisc).

(2) Probability of False Positive (pfpdisc).

(3) Background Alarm Rate (BAR disc) or Probability of Background Alarm (PBAdisc).

c. Metrics:

(1) Efficiency (E).

(2) False Positive Rejection Rate (Rfp).

(3) Background Alarm Rejection Rate (RBA).

d. Other:

(1) Probability of Detection by Size and Depth.

(2) Classification by type (i.e., 20-mm, 40-mm, 105-mm, etc.).

(3) Location accuracy.

(4) Equipment setup, calibration time and corresponding man-hour requirements.

(5) Survey time and corresponding man-hour requirements.

(6) Reacquisition/resurvey time and man-hour requirements (if any).

(7) Downtime due to system malfunctions and maintenance requirements.

1.3 STANDARD AND NONSTANDARD INERT ORDNANCE TARGETS

The standard and nonstandard ordnance items emplaced in the test areas are listed in
Table 1. Standardized targets are members of a set of specific ordnance items that have identical
properties to all other items in the set (caliber, configuration, size, weight, aspect ratio, material,
filler, magnetic remanence, and nomenclature). Nonstandard targets are ordnance items having
properties that differ from those in the set of standardized targets.
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TABLE 1. INERT ORDNANCE TARGETS

Standard Type Nonstandard (NS)
20-mm Projectile M55 20-mm Projectile M55

20-mm Projectile M97
40-mm Grenades M385 40-mm Grenades M385
40-mm Projectile MKII Bodies 40-mm Projectile M813
BDU-28 Submunition
BLU-26 Submunition
M42 Submunition
57-mm Projectile APC M86
60-mm Mortar M49A3 60-mm Mortar (JPG)

60-mm Mortar M49
2.75-inch Rocket M230 2.75-inch Rocket M230

2.75-inch Rocket XM229

MK 118 ROCKEYE
81-mm Mortar M374 81-mm Mortar (JPG)

81-mm Mortar M374
105-mm HEAT Rounds M456
105-mm Projectile M60 105-mm Projectile M60
155-mm Projectile M483A1 155-mm Projectile M483A

500-lb Bomb
M75 Submunition

JPG = Jefferson Proving Ground
HEAT = high-explosive, antitank
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SECTION 2. DEMONSTRATION

2.1 DEMONSTRATOR INFORMATION

2.1.1 Demonstrator Point of Contact (POC) and Address

POC: Mr. Rob Siegel
617-964-7070 (extention: 262)

Address: GEO-CENTERS, Inc.
7 Wells Avenue
Newton, MA 02459

2.1.2 System Description (provided by demonstrator)

The Simultaneous EM and Magnetometry system (multisensor STOLS) (fig. 1) is a towed
vehicular array developed by GEO-CENTERS and Corps of Engineers - Huntsville Center
(CEHNC) with funding from ESTCP under project UX-0208. The system simultaneously
collects both total field magnetometer data and EM61 data on a single towed platform.
GEO-CENTERS' existing Surface Towed Ordnance Location System (STOLS) was used as a
host system; STOLS' custom-fabricated aluminum dune buggy with a low-magnetic
self-signature, magnetometers, differential GPS, sensors, computers, and tractor-trailer for
transportation were reused. The new Simultaneous Electromagnetic (EM) and Magnetometry
system augments STOLS with interleaved sampling electronics that allow EM61 coils to be
physically located on the same platform as the magnetometers without corrupting the
magnetometer data. The electronics monitor the rising edge of the 75 Hz transmit pulse from the
EM61, wait 8 ms for the pulse to die down, sample the magnetometers for 5 ins, then wait for the
next transmit pulse and repeat the cycle. Data acquired last month at McKinley Test Range
(Redstone Arsenal, Huntsville) show that magnetometer data quality with the EM system
switched on is commeasurate with magnetometer data quality when the EM system is switched
off. Magnetometer, EM61, and GPS data are acquired in a single file.

Along with new interleaved sampling, electronics is a new proof-of-concept non-metallic
tow platform to host both the EM61 coils and the magnetometers in a low-noise environment.
Constructed almost entirely from fiberglass, the only metallic components on the platform are
the axles, the hub, and a small number of aluminum pop rivets. The wheels are composite. Even
the tires have had the metal beads removed. Total metallic mass has been reduced by over
99 percent by weight as compared to the original aluminum STOLS tow platform. Certain key
structural locations have been reinforced with marine-grade plywood. The proof-of-concept
platform was recently fielded successfully for a prove-out at McKinley Test Range. It should be
noted that the platform was designed to fit into the existing budget for the ESTCP project, but
was not designed for commercial surveys: it has no suspension, is speed-limited, and may not
survive a fielding over rugged terrain without sustaining structural damage.

Five Geometrics 822A magnetometers updating and outputting at 75 Hz are deployed at
1/2 meter spacing. The magnetometers are 10 feet behind the tow vehicle. Three 1/2 meter
Geonics EM61 coils (upper and lower) internally updating at 75 Hz and outputting at 10 Hz are
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deployed in a master/slave configuration on the rear of the platform, 8 feet behind the
magnetometers, also at 1/2 meter spacing. The center line of the middle three magnetometers is
coincident with the center line of the three EM61 coils. Both the magnetometers and the lower
EM61 coils are mounted on pivots so they can swing up if they encounter an obstacle while
moving forward.

Figure 1. Demonstrator's system, STOLS/towed array.

2.1.3 Data Processing Description (provided by demonstrator)

Custom Unix-based data processing software is used to process the file containing the
magnetometer, EM61, and GPS data. The GPS updates are automatically examined, and any
jumps that could not occur at a nominal vehicle speed are flagged, allowing the operator to
manually correct them. Sensor heading is calculated using smoothed position updates.

Magnetometer and EM61 data are then processed separately as they require different
corrections. For the magnetometer data, the reference magnetometer recording the ambient
variations of the Earth's magnetic field is time-correlated, then subtracted off. The data are then
directionally divided into passes acquired in uniform directions (that is, north-going,
south-going, west-going, and east-going, or whatever set of directions are used for the survey
site). For each major direction, an independent set of sensor offsets are calculated and are then
applied to that set of data to background-level the sensors and remove streaks in the image. A
site-wide offset may also be applied if the reference magnetometer is over geology with a
background different than that of the survey site.
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EM61 background is not directionally dependent, but EM61 data are background-leveled
individually by file to account for drift that may occur file-to-file.

Once the background-leveling corrections have been determined, data are processed.
Adjacent 1-Hz GPS updates are used to position the sensor array at the beginning and at the end
of each second. From there, each sensor on the array can be positioned at each of its updates. An
array is set up by the data processing software at the 10 cm cell spacing, and each sensor update
is positioned into the appropriate cell in the array. A nearest-neighbor-inverse-distance-squared
interpolation is used to fill in the inter-sensor spacing regardless of the direction of travel. The
interpolated image is then displayed on the screen for analysis.

Analysis of the magnetometer is performed using a nonlinear least-squares match to a
model of a point dipole with adjustable angles. Outputs from the model are object location,
depth, magnetic moment, angle of incidence, and angle of orientation. On the basis of magnetic
moment, an estimate is made of object size. For objects that do not resemble point dipoles
because they are either too weak or too spatially extended, the object's location can be
pinpointed using the mouse. An optional comment field may be added to each target.

Simultaneous viewing and analysis of the simultaneously-collected magnetometer and EM
data is obtained by running two linked copies of the data processing software. Once linked,
panning, zooming, and scrolling in one set of data automatically pans, zooms, and scrolls in the
other set. Drawing a region of interest in one set of data automatically draws the same region in
the other set.

Data output is available in a variety of formats, including raw, corrected (navigation
corrected and background-leveled), and interpolated.

2.1.4 Data Submission Format

Data were submitted for scoring in accordance with data submission protocols outlined in
the Standardized UXO Technology Demonstration Site Handbook. These submitted data are not
included in this report in order to protect ground truth information.

2.1.5 Demonstrator Ouality Assurance (OA) and Ouality Control (0C) (provided by
demonstrator)

Overview of QC. The following QC steps are taken:

" Coordinates of the control monument over which to set up the base GPS station are
obtained before deploying to the survey site. These coordinates are obtained in both
latitude and longitude (WGS84) as well as the rectangular coordinate system used for
final data submission (preferably UTM WGS84 meters) so we can verify that
coordinates can be correctly converted between these two coordinate systems.

"* The system is set up using checklists for the vehicle and platform, GPS, and diurnal
variation stations.
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" GPS data, magnetometer data, and EM61 data are all numerically displayed in a
Windows program on the data acquisition computer. These numbers are all visually
inspected prior to survey data acquisition, and at the beginning and end of each survey
line.

"* The six line test required by CEHNC is performed.

Overview of QA. The following QA steps are taken:

"* Data are processed and imaged in the field immediately after survey operations to
ensure that the data are of nominal quality.

"* Any available control points, such as grid comer coordinates, are overlaid to ensure that
the GPS was properly set up and that there are no coordinate offsets.

"* Reference data are displayed to ensure that there are not unphysical spikes or dropouts.

"* During processing, GPS data are viewed and corrected if necessary.

"* Magnetometer data are reference-corrected.

"* Magnetometer data are background-leveled using a correction specific to the direction
of travel.

"* EM61 data are background-leveled individually for each data file to mitigate the effects
of drift.

"* After data are converted to the desired data output format (e.g., American Standard
Code for Information Interchange (ASCII), comma-delimited .dat files), these file are
read back into the Unix-based data processing software, processed, and viewed.

2.1.6 Additional Records

The following record(s) by this vendor can be accessed via the Internet as MicroSoft Word
documents at www.uxotestsites.org.
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2.2 APG SITE INFORMATION

2.2.1 Location

The APG Standardized Test Site is located within a secured range area of the Aberdeen
Area of APG. The Aberdeen Area of APG is located approximately 30 miles northeast of
Baltimore at the northern end of the Chesapeake Bay. The Standardized Test Site encompasses
17 acres of upland and lowland flats, woods, and wetlands.

2.2.2 Soil Type

According to the soils survey conducted for the entire area of APG in 1998, the test site
consists primarily of Elkton Series type soil (ref 2). The Elkton Series consists of very deep,
slowly permeable, poorly drained soils. These soils formed in silty aeolin sediments and the
underlying loamy alluvial and marine sediments. They are on upland and lowland flats and in
depressions of the Mid-Atlantic Coastal Plain. Slopes range from 0 to 2 percent.

ERDC conducted a site-specific analysis in May of 2002 (ref 3). The results basically
matched the soil survey mentioned above. Seventy percent of the samples taken were classified
as silty loam. The majority (77 percent) of the soil samples had a measured water content
between 15- and 30-percent with the water content decreasing slightly with depth.

For more details concerning the soil properties at the APG test site, go to
www.uxotestsites.org on the web to view the entire soils description report.

2.2.3 Test Areas

A description of the test site areas at APG is included in Table 2.

TABLE 2. TEST SITE AREAS

Area Description
Calibration Grid Contains 14 standard ordnance items buried in six positions at various

angles and depths to allow demonstrator equipment calibration.
Blind Grid Contains 400 grid cells in a 0.2-hectare (0.5 acre) site. The center of each

grid cell contains ordnance, clutter or nothing.
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SECTION 3. FIELD DATA

3.1 DATE OF FIELD ACTIVITIES (4 October 2004)

3.2 AREAS TESTED/NUMBER OF HOURS

Areas tested and total number of hours operated at each site are summarized in Table 3.

TABLE 3. AREAS TESTED AND
NUMBER OF HOURS

Area Number of Hours
Calibration Lanes 0.75
Blind Grid 2.50

3.3 TEST CONDITIONS

3.3.1 Weather Conditions

An APG weather station located approximately one mile west of the test site was used to
record average temperature and precipitation on a half hour basis for each day of operation. The
temperatures listed in Table 4 represent the average temperature during field operations from
0700 to 1700 hours while precipitation data represents a daily total amount of rainfall. Hourly
weather logs used to generate this summary are provided in Appendix B.

TABLE 4. TEMPERATURE/PRECIPITATION DATA SUMMARY

Date, 2004 Average Temperature, F Total Daily Precipitation, in.
4 October 84.55 0.06

3.3.2 Field Conditions

GEO-CENTERS surveyed the Blind Grid 4 October 2004. The Calibration Lanes and
Blind Grid had several muddy areas due to rain prior to testing.

3.3.3 Soil Moisture

Three soil probes were placed at various locations within the site to capture soil moisture
data: Calibration, Mogul, Open Field, and Wooded areas. Measurements were collected in
percent moisture and were taken twice daily (morning and afternoon) from five different soil
depths (1 to 6 in., 6 to 12 in., 12 to 24 in., 24 to 36 in., and 36 to 48 in.) from each probe. Soil
moisture logs are included in Appendix C.
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